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PROPERTIES OF SEEDS
A . H. Boyd 1 Jr.l.l

This morning we have already heard a discussion of the
properties of air and some comments concerning these properties as
they effect the cost of drying drying rate and other factors involving the drying of seeds . Now let us take a few minutes to
consider the properties of seed also considering these properties
as they effect the rate of drying 1 possibly your cost of drying
and your seed quality . Seeds , as all organic materials, are
characterized by a very compl ex and heterogeneous structure. They
consist mos tl y of high molecular weight compounds primarily c a rbohydrates protiens, and lipids w1th water as a fundamental a nd
ubiquitous part of thi s structure.
1

1

W hen we speak of the water content of the seed we must
recognize that microscopic regions within the seed may be largely
lipid and contain much different concentrations of water from
adjacent areas that are lanjely protein or largely starch . When we
deal with drying the seed we must deal with the average
effect of all these coumpounds. In addition to this we must consider that the seed is also of cellular structure and that the
characteristics of different cell walls also affect the rate that
water can pass through them. Different seeds with different types
of seed coats and cellular structure may have quite different drying
characteristics at the same moisture contents.
Seeds also have very different physical properties . Their
drying rates and characteristics are affected by their s1ze I shape,
and chaffiness . In addition to their physical and chemical
properties 1 we must not lose sight of the fact that they are alive
and that the major reason for our interest is to preserve this condition . It will do us no good to do the cheapest and fastest possible
job of drying and come out with dead seed. This is one of the
major differences in the problems of the seedsmen as opposed
to those of the chemical or even the grain industries whereby it is
unimportant whether or not the product is alive at the end of the
process. They can put very large amounts of heat to their product,
handle it quite roughly and not bother too much about its final
physical condition . We do not have this priviledge. We must
handle the seeds gently enough that we have a quality product that
is alive and vigorous when we finish drying .

l/ Mr. Boyd is Assistant Agronomist and Foundation Seed
Manager 1 Seed Technology Laboratory, Mississippi State University .

138

All the above factors interact to make the process of removing enough water from the seed for safe storage much more complex than simply drying water from the surface of a granular solid.
If a wet non-hygroscopic particle is exposed to a stream of warm dry
air, the heat absorbed by evaporation will be balanced by the flow of
heat from the warm air, and equilibrium will be quickly established
at approximately wet bulb temperature . So long as there is enough
water at the surface of the particle to balance the heat in the air
flow, drying will progress at a constant rate. This is called the
constant rate of drying . It can be quite long or extremely short depending upon the amount of water available on the surface of the particle. The surface tension of the water tends to cause a uniform
film of water to be mainta ined around the surfac e of the particl e .
When this film has evaporated down to a point where it is about 4
molecules thick, another phenomen, which is caused by the physical
attraction of the water molecules to the surface of the particle itself
rather than to the surface tension of the liquid, enters the picture.
As these molecules are continually driven off, progressively more
energy is required to overcome the attraction of the water molecules
to the surface of the particle. The rate of drying begins to slow
down as the particles become more nearly dry. This is called the
falling rate phase of drying. The drying continues at an ever decreasmg rate so that the drying rate curve gets continually flatter
until all the moisture has been driven from the particle.
Now let us compare the drying of grandular non-hydroscopic
material, such as wet sand, to the drying of seeds which is our
real problem. Seeds are hygroscop1c, cellular in nature, and the
moisture is distribued throughout the seed. This immediately complicates the matter . As we mentioned the seeds, being organic material,
consist of extremely long chain molecules of many branches with
water distributed throughout the intercellula r and intermolecular
spaces. With seeds the constant drying rate phase may be extremely
short. This constant rate could only occur when the surfaces of the
seeds are completely saturated with water. This would obviously
apply only when the moisture content of the seed is extremely
high. After th1s first short constant drying rate, we have the first
falling rate stage of drying . This is characterized by the evaporation
of water in the tissues at the surface of the seed, in the seed coat
and moisture movement from inside the seed to the surface by capillary
action. The rate will continue to drop as the distances involved continue to get greater and a moisture gradient is established within the
seed . The seeds will shrink a small am out during drying; thus,
reducing the distance water must move . However, this reduction in
distance by shrinkage is negligible compared to the other factors
involved . Remember we said that the seeds are of a cellular nature .
This makes each cell wall another barrier to be negotiated by a
water molecule as it tends to move from an area of high moisture
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content near the center of the seed to an area of low moisture content
at the side or seed coat.
We must also consider that the phenomenon of bound water
or the attraction of water molecules to the long chain organic molecules is a complicating factor . Think of these long chain organic
molecules as a mass of threads pushed together with water molecules
dispersed among them and attracted to the surface of each molecule.
As the water molecules are excited by thermal vibrations they break
loose one at a time and move at random until they are a.ttracted to
the surface of another molecule . In this manner they eventually
move from the area of high concentration to low concentration and
eventually are taken away by the outside air. Considering the molecule in this manner when we get to a comparatively low moisture
content I say 15% or below 1 water removal in terms of vaporization
and evaporation is no longer relevant.
Considering all of these factors in drying, it is easy to see
why we have constant rate and falling rate phases of drying. Also jn
reality there are several falling rate phases of drying. The rate will
obviously vary among kinds of seed each seed having its own
characteristics. Having this knowledge of the properties of seeds
we can understand many problems in seed drying that may not have
been clear to us previously.
1

We often hear the term "case hardening." This term comes
to us from the metallurgical field and originated with the practice
of heating a piece of steel in lime to harden the outside; thus
"case" hardening. Early food dehydrators observed that
sometimes the outside of pieces of food would dry rapidly and then form
a barrier restricting the transfer of heat into the particle and passage
of water molecules out . They applied the term "case hardening"
which has been passed on to us .
1

There is disagreement among researchers in drying as to how
much 'of a problem this rapid drying on the outside really is. There
must be a moisture deficit for moisture from a high concentration or
wet area to move into a low moisture area and eventually be
evaporated since this is what drying is all a·bout. There have been
experiments in food dehydrating where moist air was used for
initial drying in an attempt to mamtain less of a moisture gradient.
In all cases these experiments indicated that the rate of evaporation
was lower. You must have a moisture deficit to produce drying. The
greater the moisture deficit the more rapid the drying rate , "Case
hardening" can occur but it is not nearly so common as we generally
think.
1
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However, there are other things to consider . Let us consider the physical stresses involved with extremely rapid drying.
When the outside of the se.ed is dried there is a shrinkage of tissue
due to loss of moisture . The shrinkage 1s not as great as the amount
of moisture loss , but never-the-less there will be some shrinkage .
Also when this outer tissue or cellular material dries there will be
a correspondmg loss in elasticity. The wet material on the inside
does not shnnk . .As this tissue shrinks and loses its elasticity
the stresses encountered may exceed the strength of the materials in
seed coats and outer layers of the seed causing fractures in the
seed . This 1s one explanation for sun checking when rice is dried
too rap1dly.
The "rule of thumb" that 1000 B .T . V . is required to evaporate
one pound of water 1s adequate for most design problems but actually
at different temperature and moisture conditions the heat requirement
may vary as much as 15% as indicated by the followmg table.

*Latent heat of vaporization for corn and wheat, Btu • per lb . water
Moisture%
W.B ,

corn
10
11
12
13
14
15
Wheat
11
12
13
14
15
Water

32
1265
1220
1175
1145
1120
1095

TemQerature of eva12orat10n of
so
70
100
1250
1240
1220
1210
1200
1180
1165
1155
1135
1125
1135
1105
1110
1100
1080
1085
1075
lOSS

150
1180
1140
1105
1070
1050
1025

1250
1200
1160
1130
1110

1240
1190
llSO
ll20
1100

1170
1120
1090
1060
1040

1225
1175
1140
1110
1090

1200
1155
ll20
1090
1070

1075
1065
1055
1037
1008
*Thompson, H. V. and C. K. Shedd . Equilibrium moisture and heat
of vaporization of shelled corn and wheat . "Agricultural Engineering"
35:786-788 Nov . 1954 .
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Notice that the "rule of thumb" is closely approached only
at comparatively high moisture contents, or by free water. This
increasing heat of vaporization is due to the physical attraction of
the water molecules to the surface of the molecules in the seeds .
This is commonly referred to as bound water. It is obvious from the
above data that the drier the seeds the more tightly bound the remaining molecules become .
The above table relates only to heat requirements . There is
also the mass transfer problem of moving the molecules from the
center of the seeds to the ambient air. The problem of heat transfer
into the seeds and mass transfer of water through the partially
dried area accounts for the slowest part of the falling rate phase of
drying and relate back to the old term of "case hardening."
Drying is an old art only recently developing into a science.
Seedsmen, grain handlers, food dehydrators, etc. have been taking
the above factors into consideration as a matter of experience. I
suspect that practical seed drying management will continue to be, to
a greater or lesser extent, art as well as science because of the many
uncontrollable variable involved. However if we will remeber to
relate our knowledge of the properties of seeds to the problems as
they exist at the seed dryer we can more closely approach the
exact science that we must master if we are to produce the quality
product that will be required of us in the next decade .

